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SYSTEM FOR IN VIVO SAMPONG AND ANALYSIS 



FIELD OF THE INVENTION 
The present invention relates to the field of in vivo diagnostics. More specificaHy, flie 
present invention relates to a system and method for in vivo and in-situ sampling and analysis of 
conditions prevailing in a body Irn nen . 

BACKGROUND OF THE imnENTION 

An atypical concentration or presence of substances in body fluids or in body lumens 
may be indicative of tiie biological condition of liie body. For example, flie presence of elevated 
concentiadons of red blood cells in the gastrointestinal (GT) tract may indicate different 
pathologies, depending on the location of fte bleeding along die GI tract Likewise, abnormalities 
in the physical conditions of the body, such as elevated temperatme, may indicate pathology. Early 
detection, identification and location of abnormal conditions may be critical fcr correctly 
r^iaoTingino and treating various pathologies. 

Medical detection Idte are usually based on in vitro testing of body fluid samples for 
the presence of a suspected substance. A kno^ in viUo test is, for example, an agglutination 
test. Ag^ntination tests typicaUy rely on Ibe ability of an antibody to form large cross-linked 
antibody-antigen complexes that precipitate out of a solution. The process of agglutination 
normally includes 2 steps: sensitization (involves the attachment of antibodies (Ab) to 
antigens (Ag)) and lattice formation (cross linking between sensitized particles, vAich results 
in visual agglutination). Some factors can enhance these reactions, for example, pH, 
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temperature, incubation time, ionic strength (salt concentration) of the suspending solution 
and so on. 

Agglutination reactions, also referred to as the indirect Coombs test, usually involve 
the precipitation of cells. Frequently, indirect cross-linking is used to form the aggregation. A 
secondary antibody may be added that binds to the primary antibodies that have bound to 
their epitope on the surface of the cell. Another knovm group of agglutmalion tests are the 
Latex Agglutination Tests (LAT). These immunoassay tests have been in clinical use for 
more than 50 years. The tests are used to detect the presence of an antibody or antigen m a 
variety of in vitro samples of bodily fluids mcluding saUva, urine, cerebrospinal fluid, 
gastromtestinal secretions or blood. Depeodiag on the sample under investigation, and the 
specific substance one is looking for, either antibodies or antigens are attached to latex beads 
(typicaUy, spherical beads). When the corresponding antigen or antibody is present, the latex 
beads agglutinate, i.e. clump together into visible particles, when mixed or come to contact 
with the sample. The latex beads may be replaced by other polymers such as polystyrene or 
even gold particles. 

Agglutination tests are typically perfomied on glass sUdes, "cards" with depressions 
for adding Ag and Ab or tubes and strips on which the agglutination e3q)oses the underlying 
colored markers. 

In vitro testing of san?)les does not easily enable the localization or identification of the 
origin of an abnormally occurring substance, hi many instances localizing an abnonnaUy 
occurring substance in a body lumen greatly contributes to the identification of pathology, and the 
proper type of treatment and tiius contributes to the facile treatment of ttie identified pathology. 
For exanqple, bleeding in the stomach may indicate an ulcer while bleedmg in the small intestine 
may indicate the presence of a tumor. The detection of some conditions in the GI tract, such as 
bleeding, is possible by endoscope. However, this possibihty is Hmited to the upper or lower GI 
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tract Thus, conditions in otlier parts of the GI tract, such as the small intestine, are not easily 

detected by endoscopy. 

There is therefore a need for a ss'stem and method that may enable the localization or 
identification of the origin of an abnoimaUy occmring substance throughout body lumens. 

SmiMARY OF THE INVENHON 

There is thus provided, according to enibodiments of the invention, a system and 
method for in vivo and in sitii sampling and analyzing. According to one embodiment a system 
comprises an image sensor, an illumination source and agglutinative particles. According to 
another embodiment a system comprises an image sensor, an illumination source and a sample 
chamber that contains agglutinative particles. TypicaUy, the agglutinative particles may be 
capable of adhering to an analyte, if it is present in a sample, sudithat clusters or precipitates of 
agglutinative particles and analytes are fonned. An analyte may be a substaace, such as a 
chemical or biological moiety, that is capable of adhering to an agglutinative particle. According 
to one embodiment clustas of agglutinative particles are discernible whereas agglutinative 
particles that are not cltistered are ^ically indiscernible. 

According to an embodiment of 1be invention a system comprising an image sensor, an 
illumination source and agghitinative particles, optionally contained witimi a sample chamber, is 
inserted in vivo and a body lumen sample, typically a fluid sample, is reacted with the 
agglutinative particles. According to one embodiment a sample is coHected into the sample 
chamber. The sample chamber may be iUuminated and imaged while in vivo. Agglutination, 
should it occur in the sample, can thus be observed in tiie images taken of tiae sample chamber, 
tiiereby providing indication of the presence of an analyte ia Ihe sample. 

According to one embodiment there is provided an autonomous device designed to 
traverse the GI tract The device includes at least one iUummation source and at least one image 
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sensor for obtaining images of the GI tract. The device, accordijig to one embodiment, may 
include a transmitter for transmitting data (e.g., image data) to an esctemal recdving system. 
According to one embodiment the device includes a sample chamber, which is typically 
positioned in the field of illumination and in the field of view of Ihe image sensor. The chamber, 
at least portions of which may be transparent in the iUumination wavelengths, is typicahy open 
to the body lumen environment for receiving sanies from the body lumen environment 
According to another embodiment the device comprises an optical window, typicaUy for 
illuminating and imagmg a body lumen through the ^dow. The agglutinative partides may be 
immobihzed to a chamber on the external surfece of the optical window (Ihe surfece feeing tie 
body himen environmeat), such that an optical change occurring due to agglutination may be 
imaged. Thus, images of a body lumen may contain additional information regarding the 
presence of analytes in the body lumen. Furtiaennore, Ihe appearance of discernible 
agglutination, which indicates the presence of an analyte, in specific images, may be direcfly 
associated with a specific location whhin the body lumen as can be deduced firom the images of 
the body lumen or by other localization methods. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be xmderstood and appreciated more fully from the following 
detailed desccqition taken in conjunction -with the appended drawings in vMdt: 

Figure 1 is a schematic illustration of a Systran according to one embodiment of the 

inveaition; 

Figure 2A is a schematic illustration of agglutinative particles in accordance with an 

embodiment of the invention; 

Figures 2B-E schematically illustrate a dbamber including agglutinative particles in 

accordance with embodiments of the invention; 

Figure 3 is a sdiemadc illustration of an in vivo imaging device according to an 

ranbodiment of the inventioi^ and 

Figure 4 is a box diagram iUustrating a melhod for in vivo sampling and analyzmg, 

according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following description, various aspects of the present invention wiU be described. 
For purposes of explanation, spedfic configurations and details are set forfli in order to provide a 
thorough understanding of the present invention. However, it wiH also be apparent to one skiUed 
in the art that the present invention may be practiced wifcout the specific details presented 
herein. Furthermore, well-know features may be omitted or simplified in order not to obscure 
the present invention. 

A system, according to embodiments of Ihe invention, is typically designed 1o be 
inserted in and/or passed Ihrou^ a body lumen for samphng contents of the body lumen. A 
sample or samples may be collected into one or more sample chamber(s). The sample chamber, 
which typically contains agglutinative particles, may be illuminated and imaged while it is in a 
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body liimeii such that optically discemable mdicadon of the presence of a specific analyte maj' 
showtp in "liifi images. 

An exemplary systeni, according to one embodiment of the iaventi.011, is illustrated in 
Fig. 1 . The system 20 comprises a sample chamber 22, and an optical detecting unit, e.g., 
imaging system 30 Tm aging system 30 comprises an iHumination source 32 and an image sensor 
34. The illnminadon source 32 may illuminate chamber 22 and may also illuminate a body 
lumeax The image sensor 34 may image doamber 22 and may also image the body lumen. The 
imagiTig system 30 may furfher comprise an optical system (not sho-wn), which may include, for 
example, leases and/or collimators for coUecting reflected hght and for focusing an image on flie 
image sensor 34. According to oftier embodiments the system 2Q may include a plurality of 
illmnination sources and/or a plurality of image sensors. Image sensor 34 may be any sensor 
suitable fer in vivo imaging , for example an imager, such as a CCD, CMOS imagin g chip, 
photodiodes etc. The image sensor 34 may process the received light rays for example by 
forming an ima^ of the chamber. The image may be stored in the imaging system 30 or may be 
furUiBr transmitted to an external receiving system. In alternate embodiments olhsr optical 
detectors may be used for detecting agglutination in the chamber 22. Typically, agglutination 
may cause a change in the optical characteristics of a sample. For example, ^gltrtination may 
cause a change of color, a charge in the optical draisity, in scattering, transparency, and so on A 
device suitable for receiving and processing hght rays that have passed through chamber 22, 
such as a spectrophotometer, may be used, for example, to detect optical characteristics of a 
sample in the sample chamber 22. 

Sample chamber 22, according to some embodiments, comprises a chamber cavity 
enclosed by two sides 25, a bottom 26 and a membrane 24, the membrane 24 Q^icaUy 
constitutiL^ a partition betv^^een the body lumen environment and the chamber cavity. According 
to some embodnnents at least the bottom 26 of the chamber 22 may be transparent in the 
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waveleaagth. of iUtniimation. According to other embodimeiits one or two of the sides 25 are 
transparent in the iUumination wavelength. According to yet other embodiments any of bottom 
26 or sides 25 may comprise a reflectkig surface, for example, for more effectively collecting 
reflected light In this case, light rays traversing the chamber v^oll be essentially all reflected back 
to the image sensor. In alternate embodiments chamber 22 may comprise other components and _ 
have other shapes, such as a sack — like, rectangular or cjriindrical shape. 

Chamber 22, which is typically configured for containing endo-luminal samples, such 
as body lumen fluids, may contain agglutinative particles, such that agglutination may occur in 
the sample chamber if the sample contains specific analytes (for example, as further detailed 
below). 

When the sj^stem 20 is introduced into a body lumen the lumen environment is 
sampled. An endo-luminal sample may passively enter the chamber 22 through membrane 24. 
Alternatively, the sample may be actively drawn into the chamber, for sample, based on 
osmotic pimp technology, whorein flux of fluids into the c hambCT is typically a function of pore 
size and the outside to inside concentration gradient AKematively, the samphng can be periodic, 
controEed, for example, by a switch. 

Membrane 24 of chamber 22 may be febricated firom any suitable naaterial, for example 
firom sUioon materials, polysulphone, and more. According to one embodiment the membrane 
may have properties, such as hydrophilicily/hydrophobicity or the membrane may be charged to 
attract or repel certain analytes. According to another embodiment the membrane 24 is a semi — 
pemieable membrane. According to one embodiment the membrane is permeable to relatively 
large molecules such as antibody complexes. According to other embodiments the membrane 24 
may have any desired cut off size. For example, the cut off size may be compatible wilh the size 
of a suspected analyte or substance. Typically, membrane 24 may include a mesh having a pore 
size larger than the size of a suspected substance so as to enable the passing of the substance 
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through the membrane into the chamber cavity. According to oflier embodiments the cut off size 
may be designed to retain the agglutinative particles Tvifhia the chamber cavity. In alternate 
embodiments agglutinative particles may be unmobilized in the chamber 22^ such as by being 
immobilized to a chamber side or bottom or to an appendage that is rratricted to the chamber. It 
should be appreciated by a person skilled in the art that the agglutinative particles^ according to 
embodiments of the invention^ require a certain amount of mobility in order to agglutinate. For 
example, agglutinative particles may be embedded in a gel that coats the inside of tbe chamber 
wall or bottom. In alternative embodiments tiie agghitinative particles may be held against a 
chamber side b3^ electric charge attraction, or magnetic forces. 

Imaging sj^stem 30 transmits and receives light to and from chamber 22. Chamber 22 
may be illuminated by illumination source 32 such that optical changes, typically as a result of 
Ihe interaction between agglutinative particles and analytes, which may occur in the chamber 22, 
may be detected by image sensor 34. 

An optical change may include any change, typically in an in vivo sample, that may be 
detected by an optical detector, such as an image sensor. Examples of possible optical ciianges 
may include a change in color, hue, brightuess, intensity, optical density, transparency, light 

scattering etc., or a combination of optical changes. 

It will be appreciated that chamber 22 ma)^ be made of any suitable material, such as 

plastic, glass etc. Parameters to be considered vsMe assessing if a material is suitable may be, 

for example, the material's transparency, its safety for internal use, its durability under 

endo-luminal conditions and so on. 

The system 20 may comprise one or more chambers such that the presence and/or 

concentration of one or more substances may be detected simultaneously or at different areas of 

the lumen. 
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The reaction between an agglutinative particle and an analyte may be reversible in 
vMch case tiie agglutinative particles may be used to detect a plnralits'' of aoalyte sources, 
each source showing as a single event of an optical change. Also, the reaction kinetics may- 
be such that the extent of the agglutination (which can be directly proportional to the intensity 
of the optical change) is proportional to the analj^e concentration. According to certain, 
embodiments a system may be calibrated for different ag^utinative particles and analytes 
such that the concentration of an anali^te in a sample may be deduced, as Imown in the art 
For example, concentrations of analytes ni agglutination reactions may be tested by a known 
S3^stem in which reactions are graded from 0 to 4 as follovsrs: 0 = no agglutination; 1+ = barely 
detectable agglutination;; 2+ = agglutination with 50% clearing; 3+ = agglutination with 75% 
clearing; 4+ = ^dsible cluster with suspending fluid totally cleared. In order to evaluate 
accurately the actual concentration of the analyte in the sample^ a series of dilutions is made 
and the ^''titer" is determined, wherein titer is the reciprocal of tbe highest dilution giving any 
positive reaction. Alternatively, samples may be graded by an internal caKbration system 
provided, for example, in one or more chambers in system 20. 

The system, according to embodiments of the invention may thus enable to deduce not 
only the presence of a specific analj^ at a specific in vivo location, but also its concentration at 
that location. Alternatively, particles speci&c for diBferent analytes msy be mixed or placed in 
separate chambers. Ch amber 22 is illuminated by illnmination source 32 which may be anj'^ 
illumination source compatible with chamber 22 and image sensor 34. Light sources such as 
light emitting diodes (LEDs) can be used. Optionally, a collimator or reflector (not shown) may 
be used for collecting/ directing hght rays from tiie illumination source 32 to chamber 22 and 
through them to the image sensor 34. 

According to one embodiment the sj^stem 20 may be set up such that illumination 
source 32 and image sensor 34 are in front of chamber 22 such tbat light transmitted from 



9 



wo 2004/014227 iflk PCT/IL2003/000651 



iUmimation source. 32 transmits fbiough the transparent bottom 26 of chamber 22 and is 
reflected to image sensor 34. According to one embodunent Ught rays (represented by arrow 1 1) 
are emitted from Hie iUianinatian source 32 and are directed at the transparent bottom 26 of 
chamber 22. The Eght rays (represented by arrow 11) pass tough the transparent bottom 26, 
and according to one embodiment, may heat the sample. light rays (represented by arrow 12) 
reflected ftomthe chaniber 22 axe received on the image sensor 34. Alternatively, the system 20 
may be set such that chamber 22 is positioned in between an iUumination source 32 on one 
side and an image sensor 34 on the other (not shown). 

Difiereatly designed components and differently set Tip sj^stems may also be utilized 
accordmg to embodiments of the invention. For example, the system 20 may include a chamber or 
pluraHty of chambers that do not have a membrane but rather each chamber comprises two openings 
to allow coUecting and discharge and replacement of flie sample in ths chamber as the system 
samples new areas of the body lumen environmeffL According to some embodiments the chambers 
may be foraied as «5)illaries etched, for example, into a slab of glass, or fonned in between two 
glass slabs one of which contains preformed slots or diannels. 

The components of the system according to embodiments of the invention may be 
specifically designed for the system, or &e system may utihze some components from other 
systems that operate in body lumens, thus economicany taking advantage of existing 
components. For example, the system of the invention may be mcorporated mto or afBxed onto 
medical devices meant for being inserted into body lumens, such as needles, stents, endoscopes, 
catheters or capsules 1hat can pass tlirough tiie GI tract Endoscopes utilize a light source and 
sometimes an ima^ng device while operating. Thus, tiie system of the invention can be 
mcorporated into a suitable medical device, such as an endoscope, and utihze tiie device's tight 
source and imaging device for detecting tiie presence and/or concentration of analytes. 
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Reference is now made to Fig. 2A, which iUustrates agglutinative particles 
according to an embodiment of the invention. Agglutinative particles, according to one 
embodiment ai-e capable of aggregating analytes, typicaUy by adhering to an analyte and/or 
by cross linking to other particles. Typically an agglutinative particle includes a microscopic 
particle which is coated with (or otherwise adhered to) typically chemical or biological 
molecules such as antibodies (Ab) or antigens (Ag). According to one embodiment 
microscopic particles may be latex or magnetic particles. According to one embodiment 
agglutinative particles may include primary and secondaij^ Abs such as homo-specific Abs or 
monoclonal Abs. Typically, antibodies may recognize ^d agglutinate antigenic determinants 
that may be present in a sample. For example, tumor antigens are expected to be fonnd in a 
hi^er concentration in the vicinity of a tumor than in remote areas or in tbe blood stream. 
Thus, antibodies that may recognize and agglutinate in the presence of tumor antigens may 
additionally contribute to the diagnosis by enabling the localization of these tumor antigens, 
as furlher described in Ihe specification. The localizadon may be important for an accurate 
diagnosis as most known GI tumor antigenic markers are not specific to a single tumor type 
and may represent, for example gastric, pancreatic and colon tumors. 

According to other embodiments agglutinative particles may include antigenic 
detenninants or epitopes tiiat may be recognized by antibodies present in a sample. According 
to yet further embodiments agglutinative particles may include a particle having linkers 
attadhed to it, for binding an analyte and/or for binding anotiier partide. According to otiier 
embodunents agglutmative particles may include Ab or Ag tiiat are chemically attached to 
particles, such as to latex or magnetic particles. In yet other embodiments Ab or Ag are 
attached to speciaUy shaped particles, optionally, to enhance sensitivity of tiie reacdon (for 
example, by avoiding steric hindrance of die bmding process). In other embodiments tiie 
agglutinative particles may include cells, such as bacteria (e.g., H. pylori). According to 
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additional embodiments, any combination of agglutinative particles may be used. 
Correspondingly, an analyte may include an antigenic dete rm i n a nt , such as antigen bearing 
cells, for example, c^cerous cells, viruses, bacteria, fimgi and other parasites etc. 
Alternatively, an analyte may be an antibody that is present in a body lumen, such as 
antibodies produced in response to a viral or bacterial attack or in response to the presence of 
a tumor or other pathologies. An analyte may farther include substances, such as chemical or 
biological determinants having affinity to agglutinative particles. 

According to one embodiment, in sample 40 an analyte 46 may bind to a particle 42 
tiDrough tinkers 44 that are attached to particles 42. Lkikers 44 may include, for example, 
Moipholhio ethane sulphonic acid available as MES/Protein Solution (by Merk or Sigma) or 
WSC: 1 - (3-dimetiiylaminDprophyl) -3- etiiylcarbdhmide (by Aldrich-Sigma). Particles with 
linkers may include, for example, OptiBind™ Polysterene microparticles or OptiLink™ 
Carboxylate-Modified Microparticles. 

Accordmg to some embodhnents analyte 446, vAich may be an antigen, may 
agglutinate particles, for example, by bmding tn one mn. 442' of Ab 442 wherem ano^ arm 
442" of Ab 442 is bound by another analyte particle (for purposes of iEustration 446'). Thus, 
when an analste (such as 446 and 446') is present in a sample 40 particles, such as particles 
which include Ab 442 will agglutinate, typicaUy forming a visible stracture. 

According to some embodhnarts, a secondaiy particle 412 having aims 414 may be 
present in the sample to ensure cross linldng of Ab 442. TypicaUy, binding of Ab 442 to an 
analyte may cause a change in the Ab (e.g., a'chemical or a configuration change). Secondary 
particle 412 will bind to Ab 442 only in the Ab's bound configuration (i.e., when Ab 442 is 
bound to an analyte). Thus, agglutination of Ab 442 by secondaiy particles 412, vMch. will occur 
only in tiie presence of an analyte (e.g., 446 and 446'), may enhance formation of visible 
stmctures. 
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Agglutinative particles 42, Ab 442 and/or seccmdary particles 412 may be colored. 
According to one embodiment, agglutinative particles (such as agglutinative particles 42, Ab 442 
and/or secondary particles 412) may have different shapes and may have a diameter in the range 
of 0.1 to 300 micron; other diameters are also possible. Typically, the agglutinative particles are 
indiscernible whsa ih&y are dispersed in a sample, however, when agglutination occurs, Ihe 
gathering or precipitate of the particles becomes discemable. According to one embodiment flie 
aggltitinative particle 42 or the Ab 442 are colored such that vAisn agglutination occurs a color 
becomes visible in the sample. Typically, light absorption and scattering may be dependent on 
particle size together with wavdengfli of iUumination and relative viewing angle and therefore 
changes in light absorption and/or scattering with agglutmation, may follow generaHy known 
functions. According to another embodiment the secondary particle 412 is colored such that 
wbsn. agglutination occurs a color becomes visible in Ihe sample. According to yet another 
embodiment an opticaUy discemable reaction (such as a clouding or a color reaction) occurs 
once an agglutinative particle binds, or is boimd by an analyte. This optical reaction may 
typically be discemable only vfbssa agglutination occurs. For exanq)le, precipitates or 
conglomKates may become visible whsn 1hey a large enough- Alternatively, large particles may 
cease to scatter Hght effectively relatively to smaller particles. It should be appreciated by a 
person skSlled in the art that although tiie analyte mustraled in Fig. 2A is an antigen and the 
agglutinative particle illustrated m Fig. 2A includes an antibody, the analyte may be an antibody 
or any otiier suitable partide or substance and the agglutinative particle may include an antigen 
or any other suitable particle or substance. 

Reference is now made to Figures 2B-E iUustiating a sample chamber including 
agglutinative particles in vMdh the sample does not contain an analyte suitable for reacting with 
the agglutinative particles (e.g.. Fig. 2B) and a sample chamber mcluding agglutinative particles 
in which the sample contains an analyte suitable for reacting with the agglutinative partides 
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(e.g.. Fig. 2C), according to embodiments of fh.e inveadon. Figs. 2D and 2E show a dhamber 
includiog agglutinative particles in -wtoch fhe sample contains an analyte suitable for reacting 
witb the agglutinative particles, before and after agglutinatLon, according to embodiments of 1he 
invention. Cbsmbsr 22 may be incorporated in a device that is capable of bang inserted into and 
passing 1hrou^ body lumens, such as the GI tract, blood vessels, the reproductive tract, the 
uiinaiy tract etc. For example, the chamber 22 may be incorporated in a swallowbale capsule, as 

will be descdbed below. 

According to one embodiment sanq)le chaniber 22 includes a membrane 24 and a 
bottom wall 26 that may be at least partiaUy transparent In one embodiment the membrane 24 
has a mesh size which allows an analyte 28 enter Ihe chamber but does not allow agglutinative 
particles 42 exit the chamber. la one embodiment the membrane cut off size is in the range of 
0.O5 to 10 microns. Antibodies typically range in size betweesn lOOA to 200A, thus tbey may 
penetrate through membrane 24 vAdle other particles, such as particles 42, having a size in -floe 
range of 0.1 to 300 microns are entrapped in the chamber 22. Fig. 2B illustrates a sample 
chamber 22 containing a sample 40 that does not have an analyte present in the sainq>le. In this 
case particles 42 are randomly dispersed in sample 40 and are typically mdiscemible. Fig. 2C 
illustrates a sample chamber 22 containing a sample 40 having an analyte. 28 present in the 
sample. San?)le 40 including the analyte 28 may flow througji membrane 24 into chamber 22 
from a body lumen environmerrL The presence of an analyte in sample 40 causes agglutination 
of particles 42 (such as described above) and a colored (or otherwise discernible) precipitate 42' 
becomes discernible. Alternatively, sample 40 may become cloudy or clear or may go through 
any other optical change followmg agglutination. As discussed above, the intensity of the optical 
change may indicate the concentration of an analyte. In an alternate embodiment, for example as 
illustrated in Fig. 2D, membrane 24 may be colored or contain visible marks. Agglutinative 
particles 42 ace present in such a concentration so as to render sample 40 doudy or otherwise 
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obscure they are randomly dispersed in tie sample 40 (e.g., top left comer of Fig. 2D and 
in an overview , bottom left comer of Fig. 2D). However, if sample 40 contains an analyte the 
particles 42 will a^ntinate (e.g., top ri^ comer of Fig. 2D), the cloudiness of the sample 40 
will be alleviated due to the agglutination and the membrane 24 may be exposed The 
^pearance of a visible membrane (e.g., as illusfialed in the bottom left comer of Fig. 2D) 24 
indicates that there is an analyte ia the saiiq)le 40 

According to another embodiment, exemplified in Fig. 2E, agglutinative particles 42 
are immobilized within a sample chamber 22 (e.g., in two lines as iUustratisd in the top left comer 
of Fig. 2E). Before agglutination sample 40 may seem clear, cloudy or otherwise obscure 
(illustrated, for example, as an overview in the bottom left comer of Fig. 2E). After agglutination 
occurs, analyte 28, vrftnch is present in sample 40, agglutinates according to tie immobilized 
aggiutinadve particles 42, e.g., in two lines (top right comer of Fig. 2E). An overview of tie 
visible agglutination is illustrated ia the bottom right comer of Fig. 2E. 

Rsfearence is now made to Fig. 3, vdiich schematically illustrates a device comjrasnig a 
system, according to embodiments of the invention. According to one embodiment the device 
100 is enable of bang inserted mto and passmg autonomously throu^ body kimens, sudi as 
the GI tract 

The device 100 typically comprises a shell 101 which may include an optical window 
210. The device 100 further includes an imagmg system, \N*dch comprises an illumination unit 
230 and an image sensor 240. According to one embodiment the device 100 includes at least one 
sampling chamber 102. The sanq)ling chamber 102' is typicaUy positioned in the field of 
illumination and in the field of view of tie image sensor 240. According to some embodiments a 
sampling chamber 102 may be integrated mto tie device shell 101, optionaUy in the optical 
window 210. According to other embodiments tie device 100 does not include a sample 
chamber, ratber agglutinative particles may be embedded in a medium which may be attached 
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onto IliB optical window 210, such that the agglutinative particles may be in contact with a body 
liunen enviionment and may move through the medium to form visible form atio ns (for example 
a strip of gelatin having a^utinative particles embedded vw.fhin may be attached to the optical 
v/iadow external surface). 

The iTnapin£ sysfem may obtain images from inside a body cavity or lumen, such as the 
GI tract The imaging s^^stem also obtains images of the sampling chambesr 102, such ftiat. 
according to an embodiment of the invention, a single image (frame) may contain image data of 
•the body lumen and image data of the ag^utination. 

The illTmiination unit 230 may include one or more discrete light sources or may 
include only one Ught source. The one or more li^t sources may be a planar Hght source, a 
white hght emitting diode (LED), or any other suitable light source, kaown ia the art. Optimal 
parameters may be chosen for a light source while taking into account, for example, the 
scattering of light, which is a function of the relationship between the wavelength and particle 
size. The device 100 includes an image sensor 240, which acquires the images and an optical 
system 220 vMcb. focuses the images onto the image sensor 240. Th& image sensor 240 may be 
any suitable in vivo imager, such as a CCD or CMOS nnage sensor. The optical system 220 may 
include optical elements, such as one or more lenses (not shown), one or more composite lens 
assembUes (not shown), one or more suitable optical filters (not shown), or any other suitable 
optical elements (not shown) adapted for focusLug an image on the imaguig sensor. According to 
one embodiment the illumination unit 230 illuminates the san[q)Ung chamber 102 and mner 
portions of the body lumen throu^ the optical window 210. In an embodiment of the invention 
the device 100 may comprise a plurality of iTnagiTig devices and, optionally, their corresponding 
optical systems, and optionally a plurality of illumination sources. For example, a plurality of 
i-mag^ng devices and optionally a plurality of interaction chambers may be positioned at 
opposing sides of the device for multi-directional sampling and/or viewing of Ihe body hmen. 
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Device 100 fiirfher includes a transmitter 260 and an antenna 270 for transmitting data, e.g., 
image signals of the image sensor 240, and one or more power sources 250. The power 
source(s)'Y50 may be any suitable power sources such as but not limited to silver oxide baOeries, 
Klhium batteries, or otber electrochemical cells having a high energy density, or the like. The 
power source(s) 250 may provide power to Hie electrical elanents of tiie device 100. It is noted 
that for tiie sake of clarity of illustration, tiie connections between Uie power source 250 and Hie 
circuits or components of Ibe device 100 wMch receive power Uierefirom, are not shown in detail. 

According to one embodiment, as the device 100 is transported through the body 
lunueo, such as the gastrointestinal (GI) tract, the imager acquires koages (frames), which are. 
processed and transmitted to an external receiver/recorder (not shown) worn by the patient for 
recording and storage. The recorded data may then be downloaded from the receiver/recorder 
to a computer or workstation (not shown) for display and analysis. Other systems and 
methods may also be suitable. 

During the movement of the device 100 Ihrou^ Ihe GI tract, the imager may acquire 
frames at a fixed or at a variable frame acquisition rate. For example, the imager may acquire 
images at a fixed rate of two frames per second (2 Hz). However, otiier different frame rates 
may also be used, depending, inter alia, on the type and characteristics of the specific imager 
or camera or sensor array implementation that is used, and on Ihe avaflable transmission 
bandwidth of the transmitter 260. The downloaded images may be displayed by the 
workstation by replaying Ihem at a desired frame rate. This way, the expert or physician 
examining the data is provided with a movie-like video playback, which may enable the 
physician to review the passage of the device through the GI tract and to observe occunrences 
of agglutination. 

The device 100 may be constructed as an ingestible video capsule, similarly to 
capsules disclosed in U.S. patent 5,604,531 to Iddan et aL, WO 01/65995 to Glukhovsky et 
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al., US 6,240,312, to AJfano, or in WO 01/50941 to Refael (aU of whidi are incoiporated 
herein by reference). A capsule optionally utilized according to another embodiment of the 
invention may be a remote-controtiable, micro-scale device having a motion mechanism, such 
as a mechanical propeUer that may be driven by an electric motor or may be turned by a build 
in gas flow. Another capsule may contain a rotation mechanism that can be charged by 
external radio waves and that can initiate capsule rotatioiL In alternate embodiments the 
system and method may be used in conjunction witii other in-vivo devices, such as 
endoscopes, catheters, needles, stents and the like. 

According to one embodiment the chamber 102 is open to the GI tract environmeat, 
such that GI tract fliiids 370 can enter the chamber 102, typically through a membrane 102', 
either passively or actively as described above. The agglutinadve particles (not shown) contained 
within the chamber 102 are typically restricted to Ihe chamber. The particles may be unable to 
leave the chamber because of the membrane 102' which enables the entrance of GI tract fluids 
370 but does not allow leakage of the particles from the chamber. Accordmg to one embodiment 
the chamber 102 coupes sides 125 and 125' and bottom 126. Typically, chamber 102 may be 
at least partiaUy transparent to enable viewing optical changes within the chamber. According to 
one embodiment side 125' is transparent so as to aUow iUumination from Ihe illumination unit 
230 eiiter the chamber for iUuminating the sample. According to one embodiment ade 125 
and/or bottom 126 may be coated by a reflecting suifece, for esample, a mirror, for more 
effectively collectiag reflected Ught and for possibly enhancing the image of Ihe sample chamber 
102. The reflective stirface may have a color contrasting that of die particles. 

According to one embodiment device 100 schematically shown in Fig. 3 is designed to 
be inserted into the GI tract and pass fhrou^ the entire tact. However, the device 100 is not 
limited to any specific configuration. For example, in accordance with the specific imager and 
specafic energy requiremerrts, device elements (such as the illumination source and transmitter) 
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msy be connected by cable to an external po^ver st5)ply or to an external receiving system. 
Alternatively, the device may be powered externally (e.g., by an external electromagnetic field 
that may induce power in a set of coils v^ch may be included- in flie device 100). Furfher, the 
device may be of any shape suitable for being inserted into a body lumen and for passing through 
the body lumen or for being included in a device that is inserted into a body lumen. 

According to one embodiment, as the device 100 proceeds down the GI tract, minute 
amounts of GI tract fluids 370 may slowly enter the chamber 102. Optionally, GI tract fluids 
fhat enter the chamber 102 in one area of the GI tract may be displaced by fluids firom a 
newly reached area in the GI tract According to some embodiments the device 100 
constantly samples the GI tract environment throughout the linnen. Thus, the origin or 
location of pathologies in the GI tract can be detected. For example, the presence of a tumor 
or tumor cells in a patient's GI tract can be detected by inserting a device according to an 
embodiment of the invention iato the patient's GI tract The device may comprise a sample 
chamber, which includes, for example, agglutinative particles that may specifically bind to 
tumor cells. For example, CAM 17. 1, which is an anti-mucin monoclonal antibody and which 
has receaitly been proven as a reagent for serological diagnosis of pancreatic cancea: and has 
been shov^na to bind to a siaUc-acid-contaioing determinant of mucin, which is an epitope that 
shows wide distribution throughout tiie gastro-intestinal tract (EcUeston DW, Milton JD, 
Hof&nan J, Bara J, Rhodes JM , Digestion. 1998 Nov-Dec;59(6):665-70). Another example 
of a suitable agglutination assay may be the Ca 19-9 Agglutiiiation Assay in which 
116-NS-19-9 is monoclonal antibody generated ag a inst a colon carcinoma cell liae in order to 
detect a monosialoganghoside (CA19-9) found in patients with gastroiatestinal 
adenocarcinoma. 

The device 100 passively travels througji the patient's GI tract imaging both the GI tract 
and the sample chamber. A location of a tumor ra the GI tract may be characterized by the 
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presence of antibodies such as meutioDed above. GI tract fluids sanjpled at the localion of the 
tumor wm typically contain the antibodies. The antibodies react ^ the agglutinative particles 
sachlhat agglutination occurs in the sample chamber. The agglutination, typically resulting in an 
optical change, may be imaged hy the image sensor 240. Hae image of the optical change and of 
the location in the Gl tiract may be transmitted to. an external operator .^o may identify tiie 
location of the device 100 at the time the image ms produced and thus identify the origin of the 
tumor. 

Reference is now made to Fig. 4 which is a box diagram iUustiating a method for in 
vivo sampling and analyzing, accordmg to an embodiment of the invention According to one 
embodiment a body lumen environment is sampled, in vivo, in the presence of agglutinative 
particles (502), for example, a sample of a body lumen may be combined wit3i agglutinative 
particles. According to one embodiment tiie sanq)le and agglutinative particles are combbied 
^vi1hin a chamber. The san?)le is observed, ha vivo, for optical changes (504). Typically, &e step 
of observing the sample includes detecting at least one optical change witinn the combined 
sample. According to one embodiment tiie step of detecting an optical change is done by 
imaging tiie combmed sample. Optionally, images of the sample may be transmitted to an 
external receiving unit Accordmg to one embodiment tiie method fiirther mdudes the step of 

obtaining images of 1he body lumen. 

It will be appreciated by persons skilled in the art tiaat the present invention is not 
limited to what has been particularly shown and described heremabove. Baflier tiie scope of die 
present invention is defined only by tiie claims, whichfoUow: 
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CXAIMS 

1 . A S5^stem for in vivo anal3^is, said system coir55risiiig 

agglutinative particles capable of interacting with at least one snBlytt so as to 
cause an optical change; and 

at least one in vivo imaging system configured for detecting the optical change. 

2. The system according to claim 1 comprising at least one iUumination source. 

3. The system according to claim 1 comprising at least one chamber, said chamber configured 
for coatairdng the agglutinative particles and an in vivo sample. 

4. The system according to claim 3 wherein the sampling chamber is at least partially 
transparent. 

5. The system according to claim 3 wherein the unaging system is configured for imagiiig the 
chamber. 

6. The system according to claim 1 wherein the imaging sj^stem is configured for imaging a 
body lumen. 

7. The S3^stem according to claim 1 wherein the agglutinative particles include at least one 
molecvile selecte'd from the group consisting of: antibodies, antigens, cells or linkers. 

8 . The system according to claim 3 wherein the at least one analj'te is in the in vivo sample. 

9. The system according to claim 1 v^erein the optical change is selected from the group 
consisting of: a change of color, a change of hue, a change of bri^tness, a change of 
intensity, a change of optical density, a change of transparency, a change of light scattering 
or any combination thereof. 
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10. The system according to claim 1 wherein the in vivo imaging S3'^stem iacludes at least a 
photodiode, a CCD or a CMOS. 

1 1 . The system according to claim 6 wherein the body lumen is a gastroiatestinal tract. 

12. The system according to claim 1 comprising a transmitter. 

13. The system accordiag to claim 12 wherein the transmitter is configured for transmitting 
image data. 

14. A device for in \dvo analysis, said deface comprising the system according to claim 1 or 12. 

15. The device accord in g to claim 14 wherein the device is selected from the group consisting 
of: needles, stents, endoscopes, catheters or ingestible capsules. 

16. An ingestible capsule comprisiag: 

an optical window, said window having immobilized thereto agglutinative 
particles capable of interacting \^ith at least one analyte so as to cause an optical 
change; 

at least one imaging system configured for detecting at least the optical 
change; and 

a transmitter configured for transmitting image data to an external receiving 
system. 

17- The deface according to claim 16 comprising at least one chamber, said chamber configured 
for containing the agglutinative particles and an ia vivo sample. 

18. A method for in vivo analysis, the method comprising the steps of: 

obtaining a sample firom a body lumen ; 
combining in vivo the sample with agglutinative particles; and 
detecting at least one optical change in the combined sample. 
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The method according to claim 18 wherein the step of detecting at least one optical change 
includes imaging the combined sample. 

The method according to claim 18 comprising the step of obtaining at least one image of the 
bod}^ lumen. 

The melliod according to claim 18 or 20 comprising the step of transndtting data to an 
external receiving unit. 
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